Introduction
Pt nanowires, as one-dimensional (1D) nanostructure, have been demonstrated as high performance catalyst for various catalysis applications, benefiting from their anisotropic structure and unique surface properties [1, 2] . For practical applications, Pt nanowires can be grown on various supports, e.g. metal gauzes [3, 4] , carbon paper [5, 6] , carbon black [7] , carbon fibre [8] or nanotubes [9] , or even directly in water [2] . Recently, graphene has also attracted tremendous attention for the utilization in electrochemical conversion and storage applications, in particular as catalyst support in fuel cells, due to its high conductivity (10 3 -10 4 S m −1 ), large surface area (calculated value, 2630 m 2 g −1 ), unique graphitized basal plane structure, and potentially low manufacturing cost [10] [11] [12] . To improve the Pt utilization and enhance the catalytic activity, Pt nanoparticles and nanodendrites have been dispersed on graphene surfaces to achieve high performance fuel cell catalysts [13] . However, with these graphene-based hybrids, the drawback from Pt nanoparticle or nanodendrite themselves can still not be overcome, e.g. Ostwald ripening and dissolution [14] [15] [16] , in addition with the serious stacking and folding of graphene nanosheets in catalyst preparation caused by their 2-dimensional morphology and soft feature [10, 17] , thus the poor catalyst performance and stability can still not be effectively improved in practical applications. To address these issues, the synthesis of graphene/Pt nanowires has been demonstrated with reduced graphene oxide (RGO) as initial supports [10, 11, 18] . However, although some functional groups existed on GO surface, the inert surface properties of the framework make it very difficult to grow uniform Pt nanowires to produce a high performance catalyst. Fig. 1 shows SEM and TEM images of Pt nanowires grown directly on RGO surface with formic acid as the reducing agent at room temperature, by an approach as reported in the literature [18] . It can be seen that, similar to the reported results, Pt nanowires grew only on some RGO nanosheets, and due to the limited nucleation sites on the surface, most Pt nanowires assembled each other to form large superstructures with a size of 50-500 nm, and even some huge aggregates with a diameter of 1 µm or larger (Fig. 1d) 
Experimental

Materials:
Poly(N-vinyl-2-pyrrolidone) (PVP·K30, molecular weight = 30 000−40 000), 
Sample preparation
Preparation of PVP-Functionalized RGO
In a typical procedure for chemical conversion of graphene oxide to PVP-functionalized RGO, 400 mg of PVP was added into 1.25 mL of GO dispersion with 87.5 mL water, followed by stirring for 12 h. Then, to the resulting dispersion were added 100 mg of ascorbic acid and stirred for 1 h at 95 °C. Finally, the stable black dispersion was centrifuged one time and dissolved in 12.5 mL of water.
Preparation of RGO nanosheet/Pd nanoparticle hybrids
Amounts of 1.25 mL of PVP-functionalized RGO aqueous dispersion were diluted with water (the final total volume of water is 10 mL), followed by the addition of 5 mg PdCl 2 and 0.6 mL of formic acid (HCOOH). The mixture was stored at room temperature until the Pd precursor was reduced completely. Then, the dispersion was centrifuged and washed 3 times with water and finally dispersed in 15 mL of water.
Preparation of RGO nanosheet/PtPd nanowire hybrids
The as-prepared suspension of RGO/Pd nanoparticle hybrids (15 mL), 53.10 mg H 2 PtCl 6 ·6H 2 O, and 1.66 mL of HCOOH were filled into a 100 mL flask. The mixture was stored at room temperature for 72 hours until the Pt precursor was reduced completely. The product was collected by centrifugation and washed several times with water for further electrochemical measurements.
Electrochemical measurement and physical characterization
an Autolab PGSTAT302N potentiostat (Eco-Chemie) and a glassy carbon rotating disc electrode (RDE, a geometric area of 0.196 cm 2 ) setup (ED101, Radiometer Analytical). To prepare the working electrode, the as-prepared RGO/PtPd hybrids or Pt black catalyst were dispersed to make 0.4 µg Pt µL -1 solution (based on Pt mass) by using water, iso-propanol (IPA) and 10 wt% Nafion aqueous solution (D1021, Ion Power) with a ratio of water:IPA:Nafion solution at 3:1:0.02. 10 µl of the dispersion was transferred onto the RDE. The as-prepared RGO/PtPd hybrids were characterized by field emission scanning electron microscope (FE-SEM, JEOL 7000F, operating at 20 kV) and transmission electrolyte microscopy (Philips CM200 FEGTEM). X-Ray diffraction (XRD) patterns were obtained with a Siemens 5005 X-ray diffractometer using Cu Kα radiation at λ = 1.5418 Å. X-Ray photoelectron spectroscopy (XPS) characterization was performed on an XPS spectrometer (AXIS Nova, Kratos Analytical) by using high power monochromatized Al Kα radiation (1486.6 eV). XPS spectra were fitted using CasaXPS V2.3.16 software in which a Shirley background was assumed, and fitting the peaks of the experimental spectra was completed by considering a combination of Gaussian (90%) and Lorentzian (10%) distributions. Fig. 4c and 4d, respectively. It can be seen the nanowires possess relatively uniform diameter of ca. 4
Results and discussion
nm. The HR-TEM image demonstrates the single-crystal feature of these Pt-nanowires growing along the <111> direction. The lattice spacing between the {111} planes was measured to be 0.23 nm, which agrees with that of bulk Pt crystal. XRD analysis (Fig. 5) confirmed the face-centered-cubic (fcc) structure of these Pt nanowires.
For a complete view of the RGO/PtPd nanowire hybrid formation process, a time dependent study was conducted to the Pt nanowire growing procedure. Products were collected from the reaction solution at various times, and their morphologies were evaluated by TEM. As shown in Fig. 6 , when the sample is collected after 2 h of reaction, the product is composed of PtPd nanoparticles (Fig. 6b) . Compared with Fig. 3a and Fig. 6a , it can be seen that the distribution density PtPd nanoparticles is similar to the Pd nanoparticles on RGO surface, and there is no obviously increase observed to the particle number. This similar particle distribution indicates that Pt grow on Pd nanoparticle on RGO, not directly grow on the surface of RGO. After 5 h, some short nanowires (mean length, 10 nm) are formed (Fig. 6c,d ). A comparison of Fig. 6c with 6a, and between catalysts and the stack of RGO support, leading for a high surface area [6, 12, 22] ;
ii) the synergistic effect between Pt, Pd and graphene potentially contributes to the higher MOR activity [23, 24] ; iii) while the higher chemical and structure stability of the singlecrystal Pt-nanowires [2, 15] and the RGO support [10, 11, 17] , as compared with commercial Pt black catalyst, reduce catalyst degradation and loss.
Conclusions
We have developed a facile wet-chemical approach to prepare RGO nanosheet/PtPdnanowire hybrid nanstructures. The whole deposition process was achieved in aqueous solution at room temperature. Uniform Pt-nanowire arrays were successfully grown on RGO nanosheet surfaces, led to a large ECSA close to the conventional Pt black. Most importantly, the hybrid nanostructures exhibited a higher catalytic activity and stability toward the 
